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 9 
ABSTRACT 10 
This study investigated the formation of the microbial communities in two horizontal 11 
subsurface-flow laboratory-scale constructed wetlands, one planted and the other 12 
one unplanted.  The abundance of the predominant functional groups (Archaea, 13 
Bacteria and sulphate-reducing bacteria) was determined using fluorescence in situ 14 
hybridization and the diversity and community structure of those functional groups 15 
were analysed using denaturing gradient gel electrophoresis.  The numbers of 16 
Archaea, Bacteria and sulphate-reducing bacteria were indistinguishable in both 17 
reactors (P=0.99; P=0.80; P=0.55, respectively).  The microbial communities in both 18 
wetlands were typically no more similar than if they had been randomly assembled 19 
from a common source community.  Plants did not appear to exert a strong effect on 20 
the structure of the microbial communities in the horizontal subsurface-flow 21 
constructed wetlands (HSCW) studied in this investigation. 22 
 23 
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 5 
1 Introduction 6 
Constructed wetlands are a low cost, natural technology for wastewater treatment that can operate on 7 
very small amounts of renewable energies and no chemicals.  They are emerging as a useful technology 8 
for the treatment of a variety of wastewaters and treatment scenarios.  An important part of the 9 
treatment in these systems is attributable to the presence and activity of plants and microorganisms, 10 
although until recently the microbial ecology of wetlands has remained relatively uncharacterized 11 
(Stottmeister et al., 2003).  The relative importance of, and the interactions between, plants and bacteria 12 
are also poorly understood (Stottmeister et al., 2003).  Despite limited experimental evidence, the 13 
widely-held belief that plants have a positive effect in the treatment process and strongly affect the 14 
structure of the microbial communities present (e.g. Stottmeister et al., 2003, Tanner, 2001, Vacca et 15 
al., 2005) is debatable.   16 
We have sought to gain a deeper understanding of the mechanisms governing the performance 17 
of wetlands in the removal of soluble organic carbon by comparing a planted and an unplanted 18 
horizontal subsurface-flow constructed wetland (HSCW).  In one of the first studies of its kind, we 19 
measured the activity, growth rates, community structure, and abundance of bacteria in relation to 20 
treatment performance in both HSCWs, using culture-independent techniques (Baptista et al., 2003).  21 
Plants appeared to have no significant benefit in the treatment process; indeed removals of COD and 22 
organic carbon were higher in the unplanted HSCW (Baptista et al., 2003).  Since that time, several 23 
studies, many of which have used culture-independent techniques, have demonstrated that plants 24 
 3
appear to have little or no effect on the treatment performance, the community structure or the 1 
abundance of one or two particular functional groups such as the ammonia-oxidizing bacteria (Gorra et 2 
al., 2007), methanogens and methanotrophs (e.g. DeJournett et al., 2007, Wang et al., 2008, Zhu et al., 3 
2007), or the overall bacteria (Tietz et al., 2007).   4 
There are at least three potentially important microbial functional groups comprising the simple 5 
food-web involved in the anaerobic removal of carbon in treatment systems: the heterotrophic 6 
(hydrolytic and acidogenic) bacteria, the sulphate-reducing bacteria and the Archaea (i.e. 7 
methanogens).  We wanted to compare the size and the species composition of each of these functional 8 
groups between the two HSCWs from our previous study, within a theoretical framework, to evaluate 9 
whether plants have a strong influence on the structure of the microbial communities.  In this study, we 10 
used a specific cell-staining technique - fluorescence in situ hybridization (FISH; Amann et al., 1990 11 
(a,b)) - to identify and quantify the main functional groups present.  We also performed domain and 12 
group-level qualitative comparisons of microbial community composition using denaturing gradient gel 13 
electrophoresis (DGGE; Head et al., 1998). 14 
In evaluating community composition, we drew on the classical ecological work by Simberloff 15 
(1978), where he evaluated the Theory of Island Biogeography.  In essence, he hypothesized that the 16 
community composition of two similar islands would look no more similar or different than if they had 17 
been randomly sampled from a common pool of organisms.  The null hypothesis of this study is that 18 
the plants do not have a significant effect on the composition and the structure of the microbial 19 
communities in the HSCWs used.  Hence, we hypothesise that the similarity in community composition 20 
of the three functional groups would be no greater or smaller than if they had been randomly drawn 21 
from the same source of taxa.  We evaluated this hypothesis using a Monte-Carlo based sampling 22 
procedure that calculates the observed similarity between two samples based on a statistical distribution 23 
derived by resampling a pool of all the observed data (Raup and Crick, 1979).  Recently, Sloan et al. 24 
 4
(2006) published a neutral model of community assembly which is conceptually similar to the Theory 1 
of Island Biogeography, but expressed in a manner that is tractable for microbial communities.  These 2 
authors demonstrated that stochastic community assembly might be associated with a characteristic 3 
relationship between abundance and frequency of microorganisms found in multiple local 4 
communities.  We therefore examined the data for this relationship. 5 
 6 
2 Materials and Methods 7 
 8 
2.1 Characterization of the laboratory scale wetlands 9 
The setup of the laboratory-scale experiment consisted of two identical HSCWs, one planted with 10 
Phragmites australis and the other one unplanted (Figure 1).  The tanks were made of transparent 11 
plastic (perspex) and had the following dimensions; 1.70 m (length) × 0.50 m (width) × 0.50 m 12 
(height). They were filled with gravel (nominal mean diameter of 1.25 cm) up to a depth of 0.30 m.  13 
The gravel had been previously sterilised with a solution of 5% sodium hypochlorite, to ensure that 14 
most of the microbial colonization of the two wetlands occurred during the seeding and the operation 15 
stages.  Both experimental wetlands were run in parallel under identical conditions for 600 days. 16 
The temperature in both HSCWs ranged between 8.4 to 26.0oC and averaged 17.5oC.  The flow 17 
mode of both tanks was subsurface and the wastewater was set to occupy a height of 0.25 m (5 cm 18 
below the surface of the gravel). 19 
The HSCWs were initially seeded with settled sewage from a neighbouring wastewater treatment 20 
plant for 45 days.  After the seeding stage, the feed administered to the wetlands was a solution of 21 
filtered beer diluted in tap water with an average total organic carbon (TOC) concentration of 103mg/l, 22 
which resulted in an organic loading rate of 275 g TOC m-2 d-1.  The hydraulic loading rate was 54 l/d.  23 
 5
The feed was continuously prepared by pumping the beer into the mixing tank, which was supplied 1 
with tap water by a ball-cock system.  The tubing for the feed was sterilised weekly, and the neck of the 2 
bottle containing the beer, and of the mixing tank, were sealed with cotton wool in order to avoid 3 
microbial contamination and degradation of the feed before entering the wetlands.   4 
 5 
2.2 Collection and storage of the environmental samples 6 
Approximately 90 ml of gravel, sediment and interstitial water were collected into sterile 100-ml glass 7 
bottles.  These bottles were vigorously shaken to release the biofilm attached to the gravel into the 8 
liquid phase.  Liquid aliquots (20 ml) of each sample were transferred to sterile universal bottles for 9 
further processing.  Samples for DNA extraction, amplification and analysis using denaturing gradient 10 
gel electrophoresis (DGGE) were stored at -20oC until further processing.  These were taken from the 11 
top and bottom of the three sections of each HSCW, 585 days after wetland start-up, totalling 6 12 
samples per wetland (Baptista et al., 2003).  Samples to be analysed using FISH were stored in absolute 13 
ethanol (1:1 v/v) at -20oC until sample fixation, which was less than 48 hours after sample collection.  14 
These samples were taken from the middle of each section of the HSCWs at day 585, totalling 3 15 
samples per wetland (Baptista et al., 2003). 16 
 17 
2.3 Fluorescence in situ hybridization 18 
Cell fixation and permeabilization using 4% paraformaldehyde were carried out as described in Amann 19 
et al. (1990b).  Single and multiple cell hybridizations were generally carried out as described by 20 
Amann et al. (1990a) and Wagner et al. (1994), respectively, except in solution (Davenport et al., 21 
2000; Coskuner et al., 2005).  The hybridization buffer used is the one described in Amann et al. 22 
 6
(1990a).  All oligonucleotide probes were purchased from Thermo Scientific (Thermo Electron Gmbh, 1 
Ulm, Germany).  Details of the probes and hybridization conditions used are shown in Table 1.  It 2 
should be noted that the probe S-*-Srb-0385-a-A-18 targets the group of sulphate reducing bacteria 3 
(SRB) that are incomplete substrate oxidisers but not the complete substrate oxidisers.  Besides SRB, 4 
this probe also targets several gram-positive bacteria. 5 
The samples were visualised at 630 × magnification (× 63 objective lens) using a Leica TCS 6 
SP2UV confocal laser scanning microscope (CLSM; Leica Microsystems (UK) Ltd., Milton Keynes, 7 
UK) and images were captured and analyzed with the aid of the LEICA TCS software Version 2.00 8 
build 0770.  Cell abundances were determined using combined z-stack optical image sections of the 9 
whole depth of the hybridized sample for each field of view (Coskuner et al., 2005) and calculated as 10 
previously described (Davenport et al., 2000).  Five fields of view were counted per sample.  The cell 11 
counts for each microbial functional group from each section in each HSCW were pooled to give a 12 
mean abundance in each HSCW.  These abundances were compared using statistical analysis (2-sample 13 
t-tests, MINITAB, Pensylvania, USA). 14 
 15 
2.4 Denaturing gradient gel electrophoresis 16 
This technique is carried out in three stages: 1) DNA extraction from the sample; 2) DNA amplification 17 
using the polymerase chain reaction; and 3) sample visualization with denaturing gradient gel 18 
electrophoresis. 19 
 20 
2.4.1 DNA extraction 21 
DNA was extracted from the samples using a phenol chloroform extraction method, following 22 
physical disruption of the cells using a bead beater (Curtis and Craine, 1998). 23 
 7
 1 
2.4.2 Polymerase chain reaction 2 
The 16S rRNA gene was amplified using polymerase chain reaction (PCR) with selected primers to 3 
study the general bacterial community, the SRB and the archaeal community (table 2).  The 4 
amplification conditions used are described in Table 3.  A single amplification reaction was performed 5 
for the analysis of the bacterial communities, but nested amplification was required for the analysis of 6 
the SRB and the archaeal communities. 7 
The preparation of the PCR mix and the general technique used for the different PCR reactions 8 
were based on the method described in Devereux and Willis (1995), with the difference that the Taq 9 
polymerase was added at the same time as the other reagents.  Each sample contained 1 µl of template 10 
DNA; 0.5 µl of forward and reverse primer (10 ρmoles per µl); 0.25 µl of dNTPs (each at 10 ρmoles 11 
per microlitre); 0.25 µl of Taq DNA polymerase; 2 µl of 50mM MgCl; 5 µl of PCR Buffer (10 X 12 
ammonium); and 40.5 µl of Molecular-grade water.  Sample preparation was carried out in a Bio 2+ 13 
Class II Microbiological Safety Cabinet (Envair, Lancashire, England) in order to minimise 14 
contamination of the samples.  PCR amplification reactions were performed using a Perkin Elmer DNA 15 
Thermal Cycler (Bucks, England). 16 
 17 
2.4.3 Denaturing gradient gel electrophoresis 18 
This technique was conducted as described by Muyzer et al. (1993), with the exception that a 10% 19 
(w/v) polyacrylamide gel was used with a range of denaturants at 30-60% (w/v).  The electric field of 20 
the gels used in this study is parallel to the denaturing gradient.  PCR-amplified samples were directly 21 
applied onto a 10% (w/v) polyacrylamide gel in 0.5×TE (20 mM Tris acetate at pH 7.4, 10 mM sodium 22 
acetate, 0.5 mM Na2-EDTA).  The gradient in the gel was formed with 10% (w/v) acrylamide stock 23 
 8
solution (acrylamide-N,N’-methylenebisacrylamide, 37:1), which contained 30% and 60% denaturant 1 
(7 M urea) and 40% (v/v) formamide deionised with AG501-X8 mixed-bed resin.  The D-Gene system 2 
(Biorad, Hemel Hempstead, UK) was used to perform the DGGE analysis.  Gels were run for 4 h at 3 
200V constant voltage and at 60oC and subsequently stained for 30 minutes in SYBR green I (Sigma, 4 
Poole, UK). 5 
 6 
2.4.4 Analysis of DGGE data 7 
Stained gels were viewed using an ultraviolet transilluminator (UVP, San Gabriel, California) and 8 
photographed with a Polaroid camera (CU-5, GRI, Great Dunmoor, Essex). 9 
The presence and intensity of the bands in the DGGE gels were analysed using Bionumerics 4.0 10 
(Applied Maths BVBA, Sint-Martens-Latem, Belgium).  The number of DGGE bands for the Bacteria, 11 
Archaea and SRB were compared using statistical analysis (Tukey’s multiple comparison of means, 12 
MINITAB, Pennsylvania, USA) and the similarities between the bacterial populations in each sample 13 
were compared using cluster analysis (Average linkage, Pearson distance; MINITAB, Pensylvania, 14 
USA). 15 
The nature of the assembly of the bacterial, SRB and archaeal communities in the two HSCW 16 
was evaluated using two different methods. The first one was based on the methodology proposed by 17 
Simberloff (1978), using the Raup and Crick index (Raup and Crick, 1979).  This index is generated 18 
from the presence/absence data provided by DGGE gels and calculated using the Past program 19 
(Hammer et al., 2001). This methodology is based on a clearly defined null hypothesis hence producing 20 
a statistically meaningful index, unlike other existing similarity coefficients (Raup and Crick, 1979).  21 
However, its downside is that it only takes into account the presence of taxa and not their abundance.  22 
The index generated by the comparison of any two samples can have values between 0 and 1.  If it lies 23 
 9
between the 0.05 and 0.95 (Bonferroni corrected) confidence intervals, the null hypothesis is true, 1 
where the two samples being compared are no more similar or different than if they had been randomly 2 
assembled from the total pool of diversity.  Cluster analysis was also carried out using the Raup and 3 
Crick index as the measure of similarity (Average linkage, Past program (Hammer et al., 2001)). 4 
The second method involved the use of the model developed by Sloan et al. (2006).  In 5 
stochastically assembled communities, the frequency with which taxa are found in samples of local 6 
communities increases monotonically with the relative abundance of individual taxa across the 7 
samples.  The model developed by Sloan et al. (2006) takes the observed taxa abundance data (pi) and, 8 
employing the least squares method, generates the best-fit beta distribution curve with associated 9 
values for the distribution parameters α and β, both functions of pi and NTm (i.e. NT × m, where NT is 10 
the total number of individuals in the local community and m is the immigration rate of the individuals 11 
from the source into the local community).  The immigration rate for each sample was calculated based 12 
on the NTm parameter generated by the model and on NT, obtained using total cell counts (Kepner and 13 
Pratt, 1994). 14 
The relationship between taxa frequency and relative abundance generated by the model was 15 
then compared with the observed data.  Band intensity data, obtained using a gel analysis software 16 
(Bionumerics 4.0), was used for the calculation of band relative abundance (pi).  Band frequency was 17 
obtained by dividing the number of samples each band was found in over the total number of samples.    18 
Each band in the DGGE gel was assumed to be an operational taxonomic unit (OTU). 19 
 20 
 21 
3 Results 22 
 23 
 10 
We performed qualitative and quantitative analyses of the microbial diversity in the planted and the 1 
unplanted HSCWs.  We used FISH to compare the size of three functional groups that have an 2 
important role in anaerobic carbon degradation – heterotrophic (hydrolytic and acidogenic) bacteria 3 
(targeted using Bacteria-specific probes/primers), SRB and Archaea (targeted using Archaea-specific 4 
probes/primers); and then we compared the diversity of each of those groups using DGGE. 5 
 6 
3.1 Quantitative analysis of microbial diversity 7 
Mean cell numbers for the planted and the unplanted HSCWs were 1.1×106ml-1 and 9.7×105ml-1 for 8 
Bacteria; 9.2×105ml-1 and 6.5×105ml-1 for the SRB; and 4.7×105ml-1 and 6.6×105ml-1 for the Archaea, 9 
respectively (Figure 2). 10 
Statistical comparison of corresponding groups of microorganisms between the two wetlands 11 
showed that Bacteria (P = 0.80; 2-sample t-test), SRB (P = 0.55; 2-sample t-test) and Archaea (P = 12 
0.90; 2-sample t-test) were present in statistically indistinguishable abundances in both systems.  The 13 
absolute cell numbers obtained with FISH for the Bacteria, SRB and Archaea had an overall coefficient 14 
of variation of 50%.  The gradual but statistically significant decrease in biomass from the inlet to the 15 
outlet of the HSCWs is likely to be the main cause for this high coefficient of variation.  In the planted 16 
wetland, total cell numbers decreased from 6×106(±2×106) in the inlet section to 2×106(±7×105) in the 17 
middle section and to 2×105(±6×104) in the outlet section.  In the unplanted wetland, there were 18 
5×106(±2×106) cells at the inlet, 4×106(±2×106) cells in the middle section and 2×106(±1×106) cells at 19 
the outlet.  The decrease in cell numbers along both wetlands was statistically significant (P = 0.000 for 20 
the planted wetland; P = 0.030 for the unplanted wetland; one-way ANOVA). 21 
Crude analysis of the mean cell numbers suggests that, in total, the unplanted HSCW had more 22 
cells than the planted system.  In fact, the middle and end sections of the unplanted wetland had 23 
statistically more cells (P = 0.048 and 0.020, respectively; 2-sample t-test).  However, when 24 
 11 
considering the whole wetlands, statistical analysis revealed that there was no significant difference 1 
between cell numbers in both systems (P = 0.16; 2-sample t-test).   2 
 3 
3.2 Qualitative analysis of microbial diversity 4 
3.2.1 Measure of the similarity in the composition of the three functional groups 5 
Cluster analysis based on the Pearson distance carried out on the DGGE gels of the bacterial, SRB and 6 
the archaeal communities did not reveal very high similarities or dissimilarities between the two 7 
HSCWs.  Sample similarities between wetlands ranged between 61 and 72% for the bacterial 8 
communities, 10 and 70% for the SRB communities and 7 and 49% for the archaeal communities. 9 
 10 
3.2.2 Microbial diversity of the three functional groups 11 
The number of DGGE bands in the samples is a flawed but interesting measure of the OTU richness of 12 
the predominant members of a community.  On average, the bacterial communities had 29 (±6) DGGE 13 
bands per sample, the SRB communities had 16 (±8) bands per sample and the archaeal communities 14 
had 3 (±1) bands per sample.  An analysis of variance using Tukey’s multiple comparison of means 15 
showed that the general bacterial communities had the greatest OTU richness in all the samples while 16 
the archaeal communities had the lowest OTU richness (P = 0.00). 17 
 18 
3.2.3 Microbial community assembly of the three functional groups 19 
3.2.3.1 Raup and Crick indices 20 
 12 
Cluster analysis based on the Raup and Crick index of the bacterial, SRB and archaeal communities in 1 
all the samples showed that, in general, samples from the same HSCW were more likely to cluster 2 
together and similarity indices for same-wetland samples were higher than for samples from different 3 
wetlands (Figure 3). 4 
The average values of the Raup and Crick indices obtained from the comparison of both 5 
HSCWs were 0.43 (±0.32) for the bacterial communities, 0.46 (±0.26) for the SRB communities and 6 
0.60 (±0.24) for the archaeal communities.  Also, 98% of those indices lay between 0.05 and 0.95 7 
(Bonferroni corrected).  Both these findings support the study’s null hypothesis which proposes that, 8 
for each of the functional groups studied, the microbial communities in different wetlands were no 9 
more similar or different than if they had been stochastically assembled from the same source of taxa. 10 
 11 
3.2.3.2 Model of Sloan et al. (2006) 12 
The relationship between frequency and relative abundance generated by Sloan et al.’s (2006) model is 13 
for a microbial community whose assembly has been totally driven by stochastic processes (Figure 4).  14 
The observed data for the target functional groups do not fully overlap the model predictions, but 15 
generally follow the trend of the relationship predicted by the model, supporting the hypothesis that 16 
stochastic processes played an important role in the formation of the wetland communities.  Therefore, 17 
this suggests that plants did not have an overpowering effect on the structure of the microbial 18 
communities in the HSCWs used in this study, but could have caused some of the scatter of the 19 
observed data about the predicted relationship. 20 
The values of NTm and m for the three functional groups were different, particularly for the 21 
bacterial communities, but they were all within the same order of magnitude (Table 4). 22 
 23 
 13 
4 Discussion 1 
 2 
In this study, plants did not exert a strong effect on the diversity of the microbial communities in the 3 
HSCWs. We can make this assertion because neither the quantity nor the community structure of the 4 
functional groups studied appears to be statistically distinguishable.  This is corroborated by earlier 5 
studies, who found that plants did not have an effect on the structure of the microbial communities of 6 
selected functional groups in constructed wetlands (Ahn et al., 2007; DeJournett et al., 2007; Gorra et 7 
al., 2007; Tietz et al., 2007; Zhu et al., 2007), although these studies were not embedded in any 8 
particular ecological framework. 9 
We attach particular significance to the similarity in the number of cells in all three functional 10 
groups.  This is an important factor because, though the relationship between microbial diversity and 11 
system performance is still a matter of debate, the relationship between microbial abundance and 12 
system performance is established in both theory and practice (e.g. McHugh et al., 2004).  Therefore, 13 
the fact that the unplanted system removed carbon more efficiently (~10% in terms of COD and ~20% 14 
in terms of total organic carbon) would lead to the assumption that it had more cells.  However, 15 
wetlands are not completely mixed environments and relatively small differences in cell numbers might 16 
be difficult to detect.  We would have needed to collect over 7000 samples from both HSCWs in order 17 
to have a 95% chance of detecting a statistically significant difference between the total numbers of 18 
cells in both systems. 19 
In terms of community structure, results of the Raup and Crick analysis suggest that the 20 
functional groups in both HSCWs were typically no more similar than if they had been randomly 21 
assembled from a common source community.  This was also reflected by the intermediate similarity 22 
values obtained from the Pearson correlation analysis.  However, we acknowledge that the relationship 23 
between abundance and band strength in DGGE is not always straightforward. 24 
 14 
With this proviso in mind we note that the analysis using the near-neutral model of Sloan et al. 1 
(2006) showed that the relationships between band frequency and band intensity data for the bacterial, 2 
the SRB and the archaeal communities approximately follow those for stochastically assembled 3 
communities.  The scatter around the line could be due to the inadequacies of DGGE, but is probably 4 
attributable to selection overlying the stochastic processes incorporated in the model.  It is possible that 5 
a considerable fraction of the selection processes was imparted by the presence of plants in one system 6 
and absence in the other. 7 
Our work joins a growing body of evidence that proposes that stochastic processes play an 8 
important part in microbial community assembly in engineered and natural systems (e.g. Curtis and 9 
Sloan, 2004; Curtis et al., 2006; Curtis and Sloan, 2006).  Incidentally, the m values for the functional 10 
groups looked at (i.e. Bacteria, SRB and Archaea) were found to be within the same order of 11 
magnitude, suggesting that individuals from those groups immigrate into both HSCWs at similar rates.  12 
This further reinforces the argument that plants do not have a significant effect on the structure of the 13 
microbial communities in these systems. 14 
The results obtained here suggest that plants did not contribute to the increase in the efficiency 15 
of carbon removal by the HSCWs used in this study.  Nevertheless, these findings do not preclude the 16 
possibility that plants have other beneficial roles.  Plants have previously been associated with 17 
increased nutrient and heavy metal removal (Belmont and Metcalfe, 2003; Dushenko et al., 1995; 18 
Tanner, 2001; Wang and Peverly, 1996); and with increased removal of pathogens due to the 19 
bactericidal qualities of some plants (Stottmeister et al., 2003).  Plants can also add an aesthetical and 20 
even economic value to wetlands.  Belmont and Metcalfe (2003) carried out an experiment where a 21 
domestic wastewater was successfully treated in a wetland planted with decorative plants, which were 22 
subsequently sold. 23 
 15 
Most importantly, plants can have a considerable effect on the amount of methane released 1 
from wetlands.  This is especially so in subsurface flow systems, where pollutant removal is mostly 2 
carried out anaerobically (Ström et al., 2005).  Plants can greatly increase methane emissions from 3 
wetlands, as this gas is transported very effectively through vascular plants (Wang et al., 2008).  It is 4 
debatable whether the presence of methanotrophs in the rhyzosphere of wetland plants will reduce 5 
methane emissions into the atmosphere or not (DeJournett et al., 2007; Zhu et al., 2007). 6 
 7 
 8 
5 Conclusions 9 
• Plants had no discernible effect on the abundance or diversity of the heterotrophs, SRB or 10 
Archaea in the HSCW used in this study. 11 
• The bacterial, the SRB and the archaeal communities in the two HSCWs appeared to be 12 
stochastically assembled from the same source community, based on two different analytical 13 
methods. 14 
• Plants may have a beneficial role with respect to other microbial and non-microbial traits in 15 
wetlands.  16 
 17 
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Figure 1.  Diagram of the laboratory-scale wetlands used in this study. 1 
 2 
Figure 2.  Mean cell numbers of Bacteria (Bac), SRB and Archaea (Arc) in the planted (P) and 3 
the unplanted (U) wetlands. The bars correspond to the upper and lower 95% confidence 4 
limits. 5 
 6 
Figure 3.  Dendrograms based on the Raup and Crick analysis showing the similarities 7 
between a) the bacterial communities; b) the SRB communities; and c) the archaeal 8 
communities in both wetlands.  Legend: “P” and “U” refer to samples taken from the planted 9 
and the unplanted wetland, respectively; “1”, “2” and “3” correspond to the beginning, middle 10 
and end sections of each wetland, respectively; and “T” and “B” refer to the top and bottom 5 11 
cm-portion of each wetland section, respectively. 12 
 13 
Figure 4.  Graphs of the observed (data points) and predicted (line) DGGE gel band 14 
frequency versus relative abundance for a) the bacterial populations, b) the SRB populations, 15 
and c) the archaeal populations.  The predictions were carried out using the model by Sloan 16 
et al. (2006). 17 
 18 
Table 1. Oligonucleotide probes used in this study, classified according to the oligonucleotide 19 
probe database (Alm et al., 1996). 20 
 21 
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Table 2. List of the primers used in the amplification reactions (named according to Alm et al., 1 
1996). 2 
 3 
Table 3. Summary of PCR conditions. 4 
 5 
Table 4. NTm, NT and m parameters for the bacterial, the SRB and the archaeal communities 6 
in samples for DGGE analysis from both wetlands.  There was no relationship between the 7 
frequency and the relative abundance for the archaeal communities. 8 
